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Liquer cerebrospinalis in Veterinary Medicine by R. Fankhauser (!

i

From the Department for Comparative Neurology of thes Veterinery
Ambulatory Clinic, Bern. Zentralblatt ftr Veterinirmedisin, 19%3, Vol. 1,

~ oy

No., 2, Nov 53, (Only designated portions have beon translated)

During the past 15 tc 20 yecrs the treatment of normal and mortid
cerebrospinal fluid of animals has aexperienced a gratifying upturn, and
initial foundations hav: been laid for comparative obsarvation., As late
as 1941 Rehm (3), one of the most prominent promoters of animal fluid re-
search, wrote: "The literature clearly shows that a thorough and systema~
tic study of the normal conditions of cerebrospinal fluid has not been
accomplished for hardly any speclas of animal. Consequently "pathological"
findinge should be aucepied and evaluated with a certain amount of caution.
Doubtlesa the analysers have unilaterally (and ons can say, with little
critiqus) taken for granted the’ animal fluid is equal to human fluid in itc
bioiogical properties.” Although today we have ldnnco;i 'k';tep‘fuf;her, the
knowledge in veterinary medicine of animal fluid, compared to the human, is
still in its beginning. ﬁoprvom paper, \ﬁioh—-cmu:l«'i_ stimilate further
testing and reduce the unjuatifiod .ruemtiona of most practitioners
toward the extraction of cerebrospimal nuid,]..hsn;c&vo a short compilation
of current knowledge., We believe ourselves to be Justified in making such
a synopsis, since we can expand or and eupplement the results of other re-
gearchers with experience gained by msans of several hundred spinal taps of
various animal species {horss, cattle, sheep, goat, swine, dog, cat, rabbit).
Moresover, ’oot of w findinge, &8 far as they concern animals wdth clinical
dicorders ,‘huc”hua confirmed by later neurchistologiccl tests, a-faee-that

should be of considerable valune, considering the cwrent status of the problem.‘
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We shall not consider several areas such as the historic developmont of
cerebrospinal fluld extraction and testing, its physiology, and lsboratory :
methods, which are extensively discussed in manuale and monographs., Neither
shal) we touch on bordering arcae such as methods of epidural and subarach-
noidal anecsthesia, the introduction of druge and X-ray contrast agents into
the fluid spaces, etc.

It has proven Lo be sulficient to consider ths following properties of
cerebrospinal fluid in our tests, with an orientation that is primirily
clinical and pathologic-anatomicals

Bvaluation of pressure, speed of cutflow, amount of fluid that flows
spontaneocusly, transparency, color; count and differentiation of celliular
olemente; reacticn after Nonne-Apelt, Pandy and Welchbrodt; determination of
totsl albundn, sugar and i1f indicated, of chlorides; normomastix and goid sol
reactions; bacteriological tests, if necessary.

While the first mentioned properties can of course be tested indepond-
ently and even cell count and cell differentiation as well as the technically
very simple reactions after Nonne, Pandy and Weichbrodt can be accomplished
by everyons, the quantitative uh];aia and celloid reactions are best
effected in a laberatory that has Leea arrunged for that purpose, (Footnots:
We are indebted to the Serologic lLaboratory of the Psychiatric Clinic of
Basel University).

All other properties of the fluid, which we also list in the following
tebuletions - mostly cocqrding to tests by other writers =--, while they
are very interesting scientifically, are bardly usable clinically at thia
time. We¢ are utilising the experiences of the Basel laboratory with humans

in evalusting morsozsstlx and guld 80l Gurves, since the normal conditions
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of animal fluld (with the exeption of the horse) correspond favorably with
that of man. Regarding the mastix curve one osa speak of a certaln patho-
logic reaction only at the start of precipitation and in respect to the gold
80l curve, not before a blue color is obtained. It is therefore superfluous
to debate the importance of alight degrees of turbidity or light color changes,
since this may well depend on technical differencez and especially on unequal
sensitiveness of the utilised colloid solutions,
HORSB

The normal cerebrospinal fiuid of the hor:.e.

Data in the following tabulation have besn exiracted from the work of
Benrens, 1950(9), and supplemeuted by reports of Rehm 1942(4), and our own
examinations.

Normal horse fluld is clear as water and colorless., In cell differsntia-
tion it becomes apparent that even in the normml state, besids lymphocytes
there occur histiogytes in approximately like amounts. tireover, as aleo
reported by Rehm (4), occasionally thers are sesn large, pale, concentrically
stratified elemsnts whose nature has not yst been clarified. They are

probatly degenerate forms of some sort of call.

Minimm Maxizum Medium
Pressure (lateral positicm). 272 ma B0 490 m B0 379 mm HyO
pH o 7.13 7.36 7.25
Specific graviiy ~ S 1004 1008 1006
Viscosity - 1.0 ' 1.05 1.0

Cells “ 43 23/3 1/,
Calefum - 5.55 mgf 6.98 ngk 6.2. ogl
Phosphorus (inmorganie) 0.87 mgf 2.20 mgk loidy mgd




- ——— -

Mnimum Maod mam Medium
Magnesium 1.06 ng¥ 2.95 ngh 1.98 ngd
Potassium 10.65 mgt 14,.20 mgk 12.66 ngk
Sugar LO mgh 78 med 57.2 mgh
Chlorides 690.59 mgh 792,11 mgk  737.03 =gb
Alkali reserve '\ vwl.% 67 vol.% 55.6 vol.%
Residual nitrogen 13.72 mgk 39.20 mgk 26.88 mgd
Total albumin: foals 43.75 mgh 77.0 mgh 65.64 mg
adulte 28.75 mgk T71.75 ugh 47.58 mg®
Albudnt  foals 37.63 mgk  68.87 mgd  55.12 mgk
adults 22,62 mgt 67.94 mgt 38.64 mgh
Globulini foals © 3.8) ngk 20,06 mgk 10.49 mgd
adulte 3.37 mgk 18.37 mgk 9.34 mgh
_ Albumin quotient: foals 0,06 mgk 0.57 mgk Co2k mgh
adults - T 0.06 mgd 0.69 mgt 0.26 mgk
Nonne-Apelt B Trace Opalsecent Opalescent
Pandy ¢ £H4 FF
Wedchbrodt - - -
Cholesterin (powder) 0.25-0.51mgk  0.48-0.65mg& 0.36-0.55mg%
Ca/P 2.49 7.92 L.64
Ca/Mg 2,02 5.42 3.28
Ca/K 0.4 0.58 0.51

The normomastix and gold sol reactions invariably show deep left or

middle curves, as was 2120 reparted by Reha, 15.2(4).

quite diffdcult to svaiuar ¢ pathologle losees,

For this reason it is

unless they attsl. v .ty con-

siderable degrees. Tests \..lch unfortutwte - have been &ll too emall in
I Y
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number, tend toward the conclusion that determination of thyrosin-albumin
and binrot-l.lﬁmin may attain a coertain importance,
CATTLE
Normal bovine ocersbrospinal fluid.

The values given in the tabulation below were obtained by the testing
of 250 normal fluids. Properties not tested by us are drawn from the results
of Fedorow, 1947(29) and Nawratsiki (cited by Roeder and Rehm 1942). HNormal
bov; .6 fluid is water-clear and colorless. (Footnote: The lumbar fluid
almost invariably reveals small, whitish flakes in small number; the micro-
scops shows amorphous, acidophilic masses, probably condensed detritus of
destroyed cells). Lumbar pressure stays under 200 mm H,0; with the animal
standing, the fluid normally does not flow spontaneously out of thae 125 mm
long, vertical needle; this is the case only on increased breathing or
vigorous defensive movements. Spontaneous outflow without these tws con-

ditions points to pathologically increased pressure in the subarachnoid

cavity.

Specific gravity : 1005 to 1008

Viscosity 1.019 to 1.029 (Fedorc_:v)
Surface tension 1016 to 1032 (Fedorow)
Freesing point depreseion -0.54 to =C.559C (Fedorow)
Alkali reserve ’ 5.9 vol% (Fedorow)
Calcium ' 5,1 to 6.3 mgk (Fedorow)
Potassium : 11.2 to 13.8 mgk (Fodorow)
Organic components - " 28 mgk (Nawratsid)

Ash B 700 mg¥ (Nawrqtski)

Cells ) 0/3 to 10/3 (up to 20/3 if mormal otherwise)




L .

SaludR el

Sacntisiation

Total aivamin 16 to 33 mg#k

Giobulin: Nonne-Apalt rniegative to trace of opalescence

randy negative

E ‘xa : 2-8 mgk
lobulin/albuain quotient 0.11 to 0.25

Wed chbrodt negative
Sugar 35 to 70 =gk

Blood sugar/fluid sugar 1.0 to 2.0 (very variable)
Chlorides 650 to 725 mg¥

The normomastix and gold sol curves are quite similar to those of humans.
Fig. 2 shows the various normal curvees, which also apply to the normal
cerebrospinal fluid of smsll cCmestic ruminants and swine. Glinther, 1940(32)
ascertained the vitamin C cont .at in the fluid of healthy cattle and those
afflicted with various non-neurologic diseases. He found slightly increased
mean values (1.45 mg%) in female animals compared to mles (1.005 mg#), and
the highest content in healthy, pregimant cows (2.3 to 2.5 mg%). Rossi, 1939
(34), explored the urea content in the fluid of unweaned calves and found
values between 4.0 and 18,0 zg%, in the majoriiy of cases botween 6.0 and
12.0 mgh.

SHEEP
Normal cerebrospinal fluid of sheep.

We reiterate here a summsry of results obtained by ~damusteanu et al
(39) and Bagedda (40); differences in cell nuwber and total albumin content
may be explained by the fact that Adamssteanu tested suboccipital fluid which

alwvays has higher valuess. Our results did not differ with the tabulation;

we merely wvant to roport that &t one time & olinically healthy sheep gave us
6
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A CELL OOUNT of 60/3. The fluid of sheep is clear as water and colorless,
the pressure, according to Bagedda, measures 6 to 27 (medium 13) cm H0 in

the horisontal position, 22 to 48 (medium 37) ow H0 in the sitiing position.
Under favoreble conditions 4 to 13 ccm fluid can be obtained.

Reaction ' weakly alkaline

Cells : : 0 to 15/3 (small and large lymphocytes,
mononuclear cells, endothelia)

Total albumin 8 to 70 wgk (wedium values 29 to 42 mg¥)

Nonne-Apelt negative

Pandy negative

Welchbrodt ) negative

Sugar L8 to 1 mg¥ (medium 52 to 85 mg#)

Chlorides T 750 to 268 (medium 832) mgd

Residual nitrogen 9.6 to 42 (medium 29) mgk

Calcium 5.77 mgk -

Magnesium 2.86 ng¥

Ca/Mg 2.05

Normomastix and golid sol reactions same as those of cattle and goats (Fig 2).

We could not find any data concerning ‘he pathology of cerebrospinal
fluid in sheep, and are unable to contribute anything on our own part. It
would be very wvaluable to conduct fluid exmminstions in comection with a
good number of this animal's diseasee. We are thinking here especially of
scrapie, louping-ill and swayback, all illnesees that do not occur in this
country.

QOAT

foncerning the goat we merely found data by Dixon and Halliburton,

1913(41), reporting suboccipital punctures of thie animal. The orientation
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of this work was purely physiological, and examirations of cerebrospinal
fluld apparently were not conducted. We can tentaiively give the following

normal values which undoubtoedly can be corrected by more extensive tests:

Appearance : clear as water and colorless

Pressure Dripping flow upon suboceipital tap in the
lateral position

Amount, 8 cca 1n an adult animal

Cells ) 3/3 (small lymphocytes)

Total slbumin 12 mg¥

Nonne-Apelt, Pandy ami Weichbrodt nsgative

Suger 71 mg¥

Normomastix and gold sod reaction curves same as those of normal bovine f{lui
SWINE

The fluid properties of this animal also have besn explored but little.
The first scientist to publish a fev test results seems to have been I.icht;
steiner, 1942(43), of our o clinic. In & recently published paper Fischer
and Starke, 1951 (i2), report on the test results of an imposing rumber of
normal and pathological fluids.

The authors of the present paper ware also able to col
during the past few years.

Puncture technique.

We do not think that the extraction of cerebrospinal fluid from swine
could become a method of daily praciice, as would be posaible with cattle,
and under certain conditions, with dogs and horses. In dealing with small
and medium--size swine only suboccipival taps can be considered, which will
initially cause difficulties due to the low position of the mambranc
atlantooscipitelis, i.e. they wlll not always be effected without admixture
8




3
4

0 of blood. General anesthesia ie indispensable with most animils. In
regard to large swine of over 100 kg it is possible to obtain a few ccm of
fluid by lumbar tap, as happans without specific purpose during lumbar
anesthesia. However, the fluld muet be aspirated with the syringe, which
always increasee the danger of blood admixture. In the "sitting dog" posi~

\
i tion (possibly with animals suffering from hindlimb paralyeis) the tap is H
|

il

less difficult, The puncture must be lumbosacrsl, since farther cranially

ths dural sheath is alresdy fillod to capacity by the spinal marrow. The

wtm
RN

spot can be tolerably palpated, so that lengthy groping ususlly can be >z

N S

avotded after & certain amount of practice,

Normal cersbrospinal fluid of swine.

Appearance . water-clear, colorless
[ Cells 1/3 to 20/3 .even 50/3 if otherwise norml)
[ o Total albumin ill. to 29 mg¥ (up to LO mg¥ according teo
chtateiner)
Glotulin 5 to 10 mg¥
Albunin 17 to 2 mgh
Albumin quotient ~0.L9

._F‘
wna il '

Sugar 45 to 87 mgh
Normomestix and gold sol reactione: See Fig. 2.

P .

Pathology of cevsbrospinal fluid in swine.
Fiacher and Starks, 1951(42), studisd the fluid properties of normal
} piglets and of those experimentally infacted with Teschen virus (polio- E]
encephalomyelitis ensootica suum). They ascertained tlat pleocytosis is the |
most constant fluld symptom ia infected swine, and that ita progrees is
O parallel with the severity of clinical appearancss, but often not paraliel '

9 !
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with pethologic~histological changes. Tleocytosis usually =ets in at the
beginning of the paralytic stage, quickly reaches its apex, later to abate
&gain, without reaching the norm, howsver. In 1CZ of the 78 casea tested a
csll incresse of batween 1L/3 to 100/3, or 100/3 and 500/3, wss noted al-
rvady in the prepseralytic stage. At no time were meningeal symptoms observed

¢linically when cerebrospinal filuid was norml. The results are swmarized

as follows:

Appearancet ) clear as water; slizhtly turbid if pleocytosis over
500/3; sometimes light fibrin "stocking'.

Cells: ‘ over 14/3 up to 3004/3, medium of these values 517/3;
monomuclear cells, naver polynuclsar cells

Total albumin: 36 to 192 ng¥, ususlly 36 to 67 mgd

Globtulin: T 9.6 to 84 mgX

albumin: 19.2 to 108 gk

Albumin quotient: 0.36 to 1.2

Sugar: 92 to 113 mgf (maximal 162 to 180 mg¥) at the end of
the preparalytic estage and the beginning of paralysia.
Sometimes normel or subnorz 1 values

Hastix reaction: elightly positive curves in the middle or right areas,

seldom left curves.

~

T o ORIt S
~0 CUr T&6GS T

siperimsiival Teschen diseamse with inoculation material
from spontanecus cases we saw, with the exc¢eption of the colloid reactions,
similar changes »ith pleucytosis of 4R/3 to 209/3 (small and large lymphocytes,
monocytic cells), total elbumin values not over 50 mg¥ and not always positive
reactions after Nonne and Pandy; the asublimate test after Welchbrodt was
always negative, The sugar content did not rise beyond 98 mgf. On the other
hand we saw stronger precipitation in the mastix and gold sol curves, pre-

dominantly iu the left and middle regicns, which correspond to the histologic

findings of severe parsnchymal damage with strong meningeal involvement.
10




o Fig. 6 shows examples of such curve progressions.

Wo were able to observe Nonne-Froin's syndrome (obstructed fluid) in
an adult boar with compression of the spinal cord due to a pyogenous abscess
in the upper vertebrel coiumn:

Appearance turbid, yellowish, coagulates after a few minutes;

a fibrinoue coagulum shrinks and expulses a clear,
xanthochromdc fluid with the following properties:

Cells 3/3 (moncnuclear)
Total altumin . -~ 2500 mgk :
‘ Biuret-albumdn 3440 mgk
Nonne-Apelt # A A FF (coagulation)
‘Pandy FhAfS
Weichbrodt -
i Sugar 56 ugh
O Colloid curves see Fig. 7

The characteristic signs of obstructed fluid (isolated lumbar fluid
that gradually is changed by transsudation from the meningeal veins), namely
coagulation and & high degroe of albumino-cystologlc dissociation, permit

the immediate diagnosis of spimal cord compression and a corresponding un-

] ievorable prognosias.
DoG

A relatively high number of works have been devoted to the normal and
pathological cersbrospinal fluid of the dog. We will not consider any
publications of an experimental mature, the older of which contrituted to the
development of fluid physiology and which preceded the introduction of
lumbar and suboccipital taps of man. According to Becht, 1920{47), Magendie
i had made suboocipital punctures of dogs a3 early as 184,21

0
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Starting in 1925, interast was shown in some places in the veterinary-

scientific aspect of the qusstion. We cite, inchronological order, the

names of Vladessu 1925(63), Aronowltsch 1926(46), Ullrich 1928(60),
Vuillaums 1935(64), Pegreffi and Doria 1937(57), Constantinescu 1938(50),
Nigge 194i(55), Agnet 1946(45), Legrand 1948(52), Ruso 1950(58), Bindrich
and Schmidt 1952(48), and finilly Verwer 1952(61), as well as Teunissen
and Verwer 1953(62), the last of which recently published the most pleasing

and probably must comprehensive study of the normal and pathologic fluid of
the dog. As for ourselves, we have been able, durlng the past years, to
collect 50 fluids of doge with nervous disturbances, a modest number, but
connected with the advantage of precise clinical-nsurclogical and histo~

pathclogical examinations. In order to contract the representation as much

as possible, we combins our own results with those scattered throughout the

literature into one overall perspective. The interested reader will easily

find the contribution of each writer hy means of the bibliography; it should
be streesed, however, that the works of Bindrich and Schwidt and of Verwer
and Teunissen are the most important to dats.

Puncture technique.
Although it is possible to ohtain

e 23

drops of fluid by lumbar tap,
all examiners agree that only the suboccipital puncture will furnish an
amount sufficisnt for testing, with the necessary regularity. Anesthesis

is not essential under all circumscances, but simplifies the work and reduces

‘operational risk to & minia.z. Faellowing first trials we, too, have dis-

contimied punctures wdthout narcosis. The animal is advantageously placed

in the late:al position, with its back to the opcrator, and i1f he ig right-
handed, with its head to the left.

The locatlonu of injection, i.e. ths
12
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depression immediatsly in front of the arch of atlas (usually easily pal-
pated), is shc.n and carefully disinfscted. The tap can be performed with
& suboccipital needle for children, another suitable model with a mandrin,
or an ordinrry needle with a sharp, short-filed poént, not toc thick and not
too short. The first two bave this advantage, that the fluid is not poll-
uted with blood during passage through the muscles, the latter that fluid
flows out immediately when the needle point reaches the subarachnold cavity.
It is recommended to have needles of different length and caliber, since
anatomical conditions among varicue brseds and ages vary considerably.
Brook, 1936(49), lists the depth of the membrana atlanto-occipitalis for the
large breeds at 3.5 cm, the medium at 2.8 to 3.0 and the small at 1.0 to 1.5
cm. According to our experiences we would presume that the differences are
considerably greater, for instarce between & strongly muscular boxer 4nd &
griffon. The choice of needle length requires a certain amouni of experience;
in doubtful casss a longer one should be used, since nothing is more exas-
parating than to ses a puncture seemingly fail, and to find later that one
merely had not reached the membrane.

The animal's head should be at an angle of $0° to its chest, but not
more, and suitable pade should be used to obtain a horizontal pesition of
ths cervical portion of the vertebral column, as otherwise the position of
the membrane may shift in relation to the palpable orientation points. Tne
needle is injected at the deepest point of the aforementioned depression in
front of the arch of atlas, parallel tc the long axis of the head and ax-
actly along the median line. The penetration of the membrane is evidenced
by a sudden slackening of the elastic resistance, by a short convulsion, even

of a narcotised animal, and possibly by the oul.flow of the fluid, if au




ordinary needle is used. In rare cases excitatiorn of short duration may sct
in; one should not be disturbed by it, but should ho 1 the animal as tightly
as possible, release the needle and fixate the sidn at the nape of the nack,
until the agitation is past. It seems to us, by the way, that a certain
sinimum of experience (which can be advantageously supplemented by practice
on cadavers) is more valuable than too detailed rules of puncture technique,
because anatomical conditions are subject to considerable variation. It is
noteworthy that the arch of atlas rapresents a more constant orientation
point than the occipital protuberance.

Even in the basst technique, under some conditions a certain degree of
blood admixture to the fluid i1s unavoidable, in that sometimes smll velns
of the suarachnoidal plexus are damaged, These hemorrhiages are harmless to

the dog; twice we saw a facial paresis, which however dissppesred shortly.

‘This ie confirmed by our own observationes of swine which were purposely

stabbed through the medulla, as well as by aforementioned tests by adameste-
aoa et al (39) with sheep.
Normal ceresbrospinal fluld of the dog.

Results reported by variocus examiners agree on thes whole, 80 that we
can combine them in the followins 14st. We find a certain aiffsrsnce in the
gold sol curves between those of Verwers (61) and ours. He sees the strong-
est color change (up to red-violst) in the third tube, while in our test this
invariably happens in the 3-5 first ones. Howover, theas differences are
without any clinical significance, and probably are caused by differing
techniques and possible inequality in ths utilised gold sol solutions. Our
normal curves duplicate almost exactly those of langs, as reproduced by
Verwer (61) on page 85.

1
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Minimm Maxioum Medium ;
Amount 0.9 co 16 ce 6.5-7.0 c¢
Appesrance olear, oolorlesg; in some osoces fibrin net
* Pressure 2} me Hy0 172 mm Hz0 86.5 mu Hy0
Specifio gravity 1003.3 1012.5 1005.6
Cells 0/3 25/3 6/3
j animals under 7 months 4/3 24/3 /3
according to Verwer (&) only small lymphocytes
according to Bindrich and Schmidt (48):
amall lymphocytes 15% 95% 65%
largs lymphocytes 5% 40% 21%
degenerate forms oz 4ok pUA 4
0 according to own tests, ocoasionally alec endothelia
Nonne-Apelt. - (é) -
Pandy - €9 -
Wed chbrodt o - - -
Total albumin 11 mgk 55 mgk 27.5 ngk
‘ Glotulin ' 5.5 mgk 16.5 mgk 9.0 mek
Albumin 16.5 mgh 37.5 ngk 27.0 ngd
Albuzin quotient Q.14 0.75 0.35
Sugar 61 ng¥ 116 mgh % %
1 Chlorides 761 mek 383 mgk 808 mgs
! Dry substance (Pegreffi and Doria (57) 12-12.75 g%
Ash (Pegroffi and Doria (57) 9.8-10 gf
Freesing point depression (Fegreffi and Doria (57)
1 O . -0.61°C -0.63°¢C -0.61°¢C
15
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Residual nitrogen under 40 mgf (Liess)(53)
Benzoin reaction {Guillain) O 000 000 000 000 00C to O 00C 008 644 200 VOO
Normomastix and gold scl reactions see Fig. 8.

The pathology of canine cerebrospinal fluid.

For the time beling the more solid kmowledge of patholcgic canine fluid
is limited almost exclusively to the inflammatory processes of the central
nervous system, without howover differontiating the individual forms which
can slready bs delineated neuro-histciogically. It is here especially
wiere is shown how much work still remsins in the veterinary research of
corebruaninal fluid, notwithstanding the relatively high number of papers on
the dog., It 1s obvious that we must treat encephalitis of the dog as one
aingle unit within the framework of this paper, and cannot discuss the much
debated questions of its atiology. Since the results of the various ex-
aminers (Vladescu 63), Aranowitsch 46, Nigge 55, Legrand 52, Ruso 58, but
especially Bindrich and Schmidt 48, as well as Verwer and Teunissen 61, 62)
agree in the main, we shall here reproduce only the essence of their findings,
whereby we can also utilise sur own experiance.

It has been shown that changes in the fluid do not correspond to the
type and severity of clinical symptoms, butl approximate the dévelopment.s of
the histopathologic process. In this coanection it is appsarent that
meningeal changes bave a greater effect on fluid composition than those of
nervous parenchyma. This fact has no svrprises for the worker whose ex-
porience covers both the clinic and the pathologic histology of diseases of
the cardne central nervous system. Indeed, the histologically appacent

changes are ucually quite minimal in the case of acute meningo-encephalitides

of the dog, which are distinguished by & vary impressive symptomatology.
16
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One can apeak of "sercus" meningo-encephalitis; in this atage, which often

is not exceeded before death occurs, the fluid properties are generally
changed iittle or not at all,

On the other hand, the morphologically oriented analyssr is notl sur-
prised to find fluid changes in animals with weak symptoms on the pirt of the
central nervous system, because histologic tests often do not reveal expected
changes, or atleast not .to such a marked degree. It therefare appears to us
that considering the present state of the problem, future work on cerebro- I
spinal fluld must include pathological histlogy along with the clinical
aspect,

On the basis of our om conclusions and those of other researchers, we
believe that the following groups can bs tentatively differentiated con-
cerning the dog:

1. Normal fluid or only slight deviation, as pleocytosis up to c.. 30/3,
possibly lightly positive globulin reaction, mastix curves on the berder of
the "still normal" (maximum degres of turbidity); generally too uncertain to
allow diagnostic conclusions:

Intoxications; acute serous meningo-sncephalitis; tetanias; psychic

disturbances of post-traumatic nature or unknown etiology; hydrocephalus
congenitus; lesions only of the spinal cord, as traumas, hernta of the inter-
ve tebral disk, intreepinal twwors, or rarely isoclated myelitides of lumbar
TATTOW.

Ruso, 1950(58), mentions a pathologicel mastix curve that he calls
"myelitis curve" and which he had observed especlally in connection with

"hindlimb paralysies.® A neurchistological control of the material should

have shown that these fiuid changes are mot to be ascribed to myelitis, but
17

SRR Y

— i - A Eoz = s e W A e o 2 e e i 5 S PO
- . e cesrem .




3.

S —

0 to simultaneous (and clinically often difficult to find) meningo-encephalitic
changes.

2, Xanthochromic and erythrocyies-containing fluid (not caused by tap
pollution), total albumin 90 to 500 mg¥, Nonne and Pandy strongly positive,
strongly positive normomastix and gold sol reactions with a peculiar double
poak that hees never besn seen in other groups:

Inflammtory or toxlic processes with severs vascular damage and ex-

teusive meningeal hemorrhages; in one case caused by fungus poisoning. Q

Xanthochromia of the fluid with slight pleocytosie (53/3) and hyper-
proteinorhachia (42 mgk) and elightly positive Nonne and Pandy was seen in
one case of toxoplasmosis-encephalitis with large necrosis focl and hewmor-
rhages.

3. Clcar or (with pleocytosis above ca, 500/2) lightly turbid fluid,
° occasionally with fibrin tireads or white flakes; pressure within normal
limits, sometimes increased; invariably pleocytosic of various degrees, that
is, 30/3 to 3000/3, but usually botwean 50/3 and 300/3.
In dealing with experimsntal distemper, Bindrich and Schmidt, 1952

(48), note only small and large lymphocytes as well as degensrate forms in

a medial ratio of 66.3 1 9.3 1 14.3%. However, ws find, in agreement with

haatialing o atiinadtainita

Verwer and Teunissen, 1952, 1953 (61, 62), in connection with spsntansous,
non-purulent meningo-encephalitides the following cell elements: 1. erythro-
cytes (with the reservation that they may have reached the fluid threugh
puncture damage); 2. small lymphocytes and bare nuclel of same; 3. medium

and larges lymphocytes; 4. monomuclear cells; 5. monocytes; &6. endothslial

cells; 7. plasma cells; 8. gitter cells; 9. neutrophilic granulocytes;
o 10. verious degeneration forms. Gilant cells are very rare. The major portion
18
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of ceoll elemants consists of iymphocytes and mononuclear cells.

Total albumin usually increases somewhat parallel to the degres of pleo-
cytoels; generally it does not rise very high, ca, 40 to 150 mgs.

The Nonne-Apelt and Pandy reactions are wsually positive, {rom traces to
F £ #, but in some cases negative. They react independently of total albumin
content. Welchbrodt's test is slightly positive only in exceptional cases.
The albumin quotient (globulin/albumin} fluctuates between 0.2 and 8.0
(Verwer, 61).

In most cases sugar remains witin normal bounds, it may however decrease
(up to 25 mgk) or increass (up to 150 mgh) occasicvnally.

Chlorides vary betwesn 673 and 918 mg#, consequently excsed normal low
and high values only little; Verwer (61) found a value of 1255 mgf in one case,

With respect to the mastix reaction our resulis agree iu principle with
those of Verwer (61) and Bindrich and Schmidt (48), i.s. we find almost ex-
clusively left curves. Generally our curves are desper than those noted by
Verwer. In the gold sol reaction this diiferonce is sven more marked, in
tiat we often get medium or deep curves in the left or middle arca, while
r's curves ohtvioualy are much flatter. We belisve that this may be due
merely to the choice of cases.

In his thorough study Verwer (61) has also utilized the benzoe sol reac-
tion after Guillain and found a widening of the middle gzone of flake separa-
tion, as well as an additional peak in the first part of the series.

This fluid syndrome is caused by inflammatory, non-purulent processes in
the central nervous system and its membranes. A% the present stage of know-
ledges it seems too daring to make an atteapt at the matching of certain fluid
types with peraphrased pathologico-histological representations, and we limit
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ourselves to the following conclusions:

1. Whensver ths neuropathologic examination shows inflammitory processes
of the ceniral nervous system and its membranes, changes in the fluid occur
invariably, which express themselves primarily by pleocytosis and increase in
total albumin, and 1n a less constunt manner by shifting of the globulin -
albumin ratio and the pathological curves of the colloid reactions, while no
uni form behavior can be recognized in the remaining properties.

2. There is a certain parallel betwwen the fluld changes and the
intensity of the inflammatory process, as doteruined by hiatological tests.

3. While strong increases in cells and albumin tend to indicate a
severe meningeal inflammation, it may be accompanied, in connection with
parenchymatous changes, by slightly pathological colloid curves, which however
may again be relatively strong.

4o It ie impossible to make a diagnoais only on the basis of tests of
corebrospinal fluid, or even on the basis of individual changes. Only the
overall picture will furnish valuable diagnostic pointers within the clinical
framework.

¥onlux, 1949(54), gives a few data ca the tests of cerebrospinal fluid
in sxperimental leprospirosis of dogs, in which he seems to deal primarily
with infections with Leptospira icterchemorrhagiase. In Weil's disease the
fluid can be yellowish (as we found in other diseases marked by jaundice),
Just as the meninges in such cases show & yellow tint. In spite of the
frequent histologically observable and sven macroscopic hemorrhages, Monlux
did not find erythrocytes. In one animal pleocytosis (lymphocytes) occured,
in one case increass of albumin, while sugar invariably maintained normal
limits and the mastix and gold sol reactions remsined normal (which was to be

20

T T SRS 5 e,




expected considering histologlcal findings in leptospiroses).

Attempts at tranafer of the disease Lo hamsters by means of the fluid

as well as culture in Schiffner'e nutrient medium wers ineffectual.
CAT

Wegeforth et al, 1919(55), report on over 1,000 nuboccipial taps of
cats, wnen they introduced this method -~ as Eskuchen in Germany — into
clinical neurology. They do not mention, however, whether or not the ob-
tained fluid was more closely examinad.

Since diseases of tho feline centrel nervous system are not very
frequent, it is not surprising that so little is known about punctures for
clinical purposes and pathologic fluld examinations.

The suboccipital tap, principally done in the same manner as that of
the dog, offers no difficulties and can be accomplishied even with animils
that are only a few weeks old. <‘he obtainable fluid amount is small, however,
and varies bstween 10 and 50 drops. The more fluid is allowed to escape,
the greater is the danger of hemorrhage from blcod vessels of the pia mater.

A8 far as we have seen to date, the normel fluid of the cat is clear as
water, colorless, and contains O to 3/3 lymphocytes and total aslbumin up to
12 mg¥. Sugar content amounted to a medial 85%, chloride 899 mg¥; tests
after Nonne-Apelt, Paady and Weichbrodt were negative, and the normomastix
and gold sol curves corresponded to thoss of the normal dog.

Of two cats from neighboring faras, suffering from cerebellar ataxia,
one showed normel fiuid, while examinations of ths other revealed a positive
Pandy and the astonishing pleocytosis of 2000/3 (mmall and large lymphocytes,
mononuclear cells, endothelia). Thie led to the belief that cerebellsr
athropies of the cat are based on multiforu processes, a fact that was later
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proved by histologic tests of several such cases.

In one case of head trauma with focus of softening and hemorrhage in
the hypothalamus, ws saw bloody :'luid with 30,000/3 erythrocytes and 358/3
lympriocytes, polynuclear and gittor cells; Pandy'e reaction was positive.
In connection with a fresh subdural. hematoma sbove the cersbellum the fluid
merely contained blnod, with a negative Pandy.

Twe Siamese cats with congenital tremor and one tomcat experimentally
infectsd with Leptospira pomons, showed normal cerebrospinal fluid preportions.

RABE3IT ,

The raboit has beein used an a large scales for experimental studies of
dissases of the human and animal central nervous system, such as neuro-
syphilis and various viral encephalitides; and the proportions of its cerebro-
spinal fluld probably have besen examined more thorougnly than in all other
domestic animals. It is solely for the sake of completencss that we list
a compllation of the most immportant normml values, as establisned in
particular by Yama Oka, Kasahara, 1924(66), Plaut, 1929(67), Pette, Jahnel
and Zeki, 1934168).

The fluid is obtained by means of suboccipital tap of the nuicotized
anima} held in the abdominal or lateral position., Since anesthesia with
morphine considerably r@ucod the fluid pressure, socms examirners proferred

to puncture without a narcotie,

Appearance ' clear as water, cclorless

amount 1.0 to i.5 cem

Pressure | 40 to 110 mm Hy0 (breath fluctuation up to
15 mm)

Specific gravity ’ 1005

Reaction alkaline
22
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Total slbumin 15 to 19 mg¥

Nonne-Apslt negative

Pandy : megative

Suger 50 to 57 mgX
Chlorides 600 to 730 ugh
Residusl nitrogen 5.6 to 16.8 mg®

On tha other hand, iittle is known abaut the pathological fluid of
rabbites diseased by natwral causes. In coccldiosis-meningo-encephalitis the
following was obssrved: Pleocytosis up to 74/3 (lymphocytes), increase of
total albumin up to 66 mgf, positive reactions afier Nonne, Pandy and Weich-
brodt. The mastlx surve showsd pathologlic progressions (Zeld, 1929).
Similar chariges were noted by various authors in ¢linically normal rabbits,
in which histologic examination later revealed granuloma~encephalitis; it
must be noted, however, that even normel fluid results may be arrlved et in
this socalled spontaneous encephalitis.

MONKEY

In order to complete this compilation we shall list the aormal values
ascertained in various kinds of monkeys by Mollaret, 1934(69). This writer
points to the fact that in monkeys Gifferences betwsen lumbar and suboccipital
fluid are markedly greater than in man. The suboccipital tap 1s bechnically

much simpler than the lumbar.

Appearance : clear as water, olorless
Amount 4 to 10 ccm, depending on size
Pressure vory weak, often practically zere
Celis . ’ suboccipital X to 3 per cam
lumbar 4 to 10 per com
23
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Total albumin

Pandy

Sugar

Blood sugar/fluid sugar
Chloridss

suboccipital 8 to 15 mgi
lumbar 20 to 30 wmgk

negative

& ugh

2/1

420 to 5°C wgh

Bensoe sol: O 000 000 000 000 000 to O 000 001 200 0G0 000
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